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This report deals with the professional engineering 
experience accrued by the author during an eight-month 
internship with Conoco Chemicals in Lake Charles, Louisiana. 
Background of the internship is discussed, including the 
intern's position in the organization of the plant.
Major projects assigned during the internship are de­
fined. The problem of occupational exposure to vinyl 
chloride, a toxic chemical, is addressed and a system for 
monitoring employee exposure is developed and proposed.
The exposure to industrial noise at the plant is evaluated 
and recommendations are presented.
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1INTRODUCTION 
Doctor of Engineering Internship 
| This report deals with the professional engineering
j
! experience accrued by the author during an eight-month Doc- 
j  tor of Engineering Internship served with Conoco Chemicals,
! Continental Oil C o m p a n y , Westlake, Louisiana, from 
January 6, 1975 through August 22, 1975.
The internship is an integral part of the degree require' 
ments for the Doctor of Engineering degree. The objectives 
are two-fold: (1) to afford to the engineering student the 
opportunity to apply his knowledge and education to the 
solution of a specific practical problem of interest to an 
industrial firm and (2) to permit the student to perform 
in a non-academic environment and to gain an awareness of 
the organizational approach to problems [1].
Negotiations for an internship position with Continental
Oil Company were initiated as a result of the financial 
support by Conoco to Texas A&M University through an 
Industrial Hygiene Engineering Fellowship. Correspondence
I with Dr. Robert Lembke, Corporate Medical Director, soon
j provided a position at the Conoco Chemicals Complex in
i
j  Lake Charles. Primary assignment was to the VCM Plant which 
produces vinyl chloride monomer.
2Conoco VCM Plant
The Conoco VCM Plant at Westlake, Louisiana, was con­
structed with the latest technology in 1968. It was, at 
that time, one of the largest volume plants of its kind in 
the world. Annual production is 300,000 metric tons. A 
major portion of the vinyl chloride monomer (VCM) produced 
in Lake Charles is shipped to Conoco polyvinyl chloride 
(PVC) facilities in Oklahoma and Mississippi. Conoco also 
ships this important basic material to fifteen countries 
and is currently the largest U.S. exporter of VCM.
Vinyl chloride is a clear colorless gas which, upon 
polymerization, forms polyvinyl chloride resin, a basic raw 
material for about 55 percent of the plastic products 
currently in use.
VCM has recently been labeled as a carcinogen by the 
federal government. Consequently, stringent controls have 
been placed upon its use and manufacture. Allowable e x ­
posures to employees have been reduced 99.8 percent, from 
500 parts per million to one part per million as an eight- 
hour daily average. Tremendous sums of engineering time and 
capital have been invested in the plant to reduce workers 
exposure to VCM gas to meet the new compliance limit.
At the VCM Plant the compliance effort is jointly m a i n ­
tained among the process engineering department, the safety 
department, and the laboratory. Figure 1 shows the org a n i ­
zation of the plant. Direct supervision for the internship
3F i g u r e  1. O r g a n i z a t i o n a l c h a r t .
4was assigned to Mr. C. Earl Gremillion, C.S.P., the plant 
Safety Director. To supplement Mr. Gremillion's supervision 
of the internship, an advisory committee was formed consist­
ing of Mr. G. D. Johnson, P.E., Environmental Engineer for 
the Chemical Complex, and Dr. J. E. Cearley, Director of 
Environmental Control. This committee held regular meetings 
to advise and guide the intern.
Process Orientation
Vinyl chloride monomer is synthesized from feedstocks 
of ethylene and elemental chlorine via direct chlorination 
and oxychlorination and subsequent thermal "cracking."
The process is initiated by the direct chlorination of 
ethylene with chlorine to form ethylene dichloride (EDC), a 
chemical intermediate.
H H H H - ■
\  /  ' i
C = C + Cl ? ---- > H - C - C - H (1)
' s i I
H H Cl Cl
EDC, in crude form, undergoes purification by fraction­
ation. Pure EDC is then thermally "cracked" in process 
furnaces to form VCM, hydrogen chloride (HC1) and uncracked 
EDC.
H H Cl H
i 1 A ' '
H - C - C - H — C = C + HC1 (2)
i i  ✓ x 
Cl Cl H H
5The hydrogen chloride by-product is recycled to the 
oxychlorination stage. Here it is reacted with oxygen from 
compressed air and more ethylene to form more crude EDC.
H H H H 
s '  i i
2 C = C + 4HC1 + 0 2 --- > 2H - C - C - H + 2H20 (3)
✓ V I I
H H Cl Cl
Figure 2 is a simplified schematic of the process flow. 
Vinyl Chloride Overview
"Vinyl chloride appears to be a material of relatively 
low toxicity. The principal [physiological] response seems 
to be one of central nervous system depression, which may 
result in symptoms of dizziness and disorientation . . ."[2] 
This statement is exemplary of the consensus on the toxicity 
of vinyl chloride prior to January 1974. It was considered 
hazardous primarily as a flammable gas and therefore capable, 
at high concentrations, of fire and/or explosions.* Re­
cently, a definite relationship between chronic VCM exposures 
and angiosarcoma, a rare and fatal liver cancer, has been 
demonstrated. Worldwide, slightly over 30 deaths to angio­
sarcoma have been attributed to occupational exposure to VCM.
As a result, the U.S. Department of Labor, Occupational
*The flammable range for VCM is 3.6 percent to 26.4 per­
cent which corresponds to 36,000 ppm and 264,000 ppm, respec­
tively.
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7Safety and Health Administration (OSHA) has ordered a sharp 
reduction in workers' exposure to vinyl chloride. The new 
standard, effective April 1, 1975, requires that VCM levels 
in the air that workers breathe be held to one part vinyl 
chloride per million parts of air by volume, averaged over 
an eight-hour shift. Actual levels may exceed one part per 
million (ppm) for short periods, but they must average out 
to no more than five ppm for any fifteen minute period 
within the eight-hour time span [3].
The standard requires that the one ppm level be attained 
by "engineering and work practice controls" whenever such 
controls are "feasible." Respiratory protection can be used 
as a control measure only when all other measures fail to 
reduce VCM concentrations to within the permissible limits.
Explicit requirements are also outlined for personnel 
monitoring, medical surveillance, record keeping, respira­
tory protection and regulated areas. To meet the personnel 
monitoring requirements, the employer must measure the 
exposure of each employee. Such monitoring must be repeated 
at least monthly for any employee exposed in excess of 
one ppm. It must be repeated quarterly for any employee 
exposed in excess of one half of one ppm. While no partic­
ular monitoring technique is specified, minimum accuracy 
requirements are outlined in the standard. The company 
(employer) must be prepared to demonstrate that its per­
sonnel monitoring system meets these accuracy criteria.
8In the area of medical surveillance, a program must be 
instituted for each employee exposed to VCM exposed in 
excess of the "action level" (0.5 ppm). The program must 
include, at a minimum: (1) a general physical examination 
with specific attention to dysfunction or abnormalities of 
the liver, kidneys or spleen, (2) a medical history, and 
(3) a blood profile. These requirements must be repeated 
semiannually for employees in VCM service for ten years or 
more and annually for all other employees. The standard 
requires that these and all other records associated with 
VCM exposure be maintained for a period of not less than 
thirty years.
Any area of the plant in which ambient VCM concentra­
tions are consistently in excess of the permissible limit 
(1 ppm) must be designated by appropriate signs as regulated 
areas. Access to these areas must be limited to authorized 
personnel. A daily log must be maintained of the name and 
social security number of all persons entering a regulated 
a r e a .
9VCM MONITORING SYSTEM
The primary assignment for the internship was to in­
vestigate alternative approaches to personnel monitoring of 
VCM exposure and determine their feasibility, both technical 
and economic. The first step was to become familiar with 
the existing personnel monitoring technique and learn its 
advantages and disadvantages.
Current Monitoring Technique
The existing system of personnel monitoring for organic 
vapor (including VCM) involves the use of dosimeters. The 
dosimeter is a small portable device which, when carried on 
the person of an employee, integrates his average exposure 
to VCM throughout the work-day. The device consists, brief­
ly, of a small battery-powered air pump which draws a 
measured volume of air from the breathing zone of an employ­
ee, through a tube filled with activated charcoal. Any 
organic vapor present will be adsorbed on the charcoal.
The amount of VCM adsorbed is measured (by gas chromatog­
raphy) so that the average atmospheric concentration at the 
breathing zone can be calculated [5].
This technique represents accepted practice in indus­
trial hygiene and is entirely adequate in classical monitor­
ing applications. For example, the evaluation of an o c c u ­
pational exposure to a toxic substance generally consists
10
of the following sequence.
An adequate number of samples are taken and analyzed, 
ideally representing a "typical" work experience. The 
sampling results give an indication as to whether a poten­
tially hazardous exposure exists. If the exposure is e x ­
cessive, steps are taken to establish appropri ate c o n trols. 
Repeated monitoring establishes the effectiveness of the 
controls. When exposures have been reduced to "safe" lev­
els, continued personnel monitoring is generally unneces­
sary.
For this type of monitoring, the use of dosimeters is 
ideal. The sample is drawn directly from the breathing 
zone of the worker eliminating many of the sources of error 
in estimating his exposure.
However, the system does have its disadvantages. It 
is cumbersome for the employee who must wear the dosimeter. 
It requires a significant amount of laboratory analysis 
time and it necessitates scheduling and training of employ­
ees in the proper care of the dosimeters. Compliance with 
the new OSHA standards requires the acquisition of tremen­
dous amounts of data. Personnel monitoring becomes a con­
tinuing program rather than a matter of taking and analyz­
ing infrequent samples. Compliance with OSHA standards 
using dosimeter monitoring methodology can impose a very 
significant workload in laboratory analysis time and record 
keeping man-hours.
Automated Concept
A system for monitoring personnel exposures to VCM in 
compliance with the OSHA standards should meet the follow­
ing criteria:
1. Effectively measure personnel exposures to VCM, 
meeting the requirements of the OSHA Standard 
for Exposure to Vinyl Chloride (29CFR 1910.93q).
2. Impose a minimum workload on laboratory and 
administrative personnel.
3. Possess alarm capabilities which could alert 
employees in the event that VCM concentrations 
exceed a preset value.
4. Be capable of assisting in the control of access 
to regulated areas and compiling records of 
authorized personnel who have entered the areas.
5. Be technological and economically feasible.
The search for an improved technique for meeting these 
criteria for VCM monitoring had, as its ultimate goal, the 
elimination or at least reduction of the manual processing 
time. Such a search naturally gravitates toward methods of 
automating the monitoring "system." A monitoring system 
to measure time-weighted average (TWA) exposure to VCM must 
have the capability to measure and correlate three basic 
input variables: (1) ambient VCM concentrations in various 
plant areas, (2) employee locations, and (3) duration of 
exposure.
12
Measurement of System Parameters
The first parameter, ambient VCM concentrations, is 
currently being monitored by two process gas chromatographs 
located in the plant control room. Each of these chromat­
ographs sequentially monitors ten fixed-point locations in 
the plant. Therefore, ambient VCM concentrations at twenty 
fixed-point locations are monitored throughout the day.
Each point is measured at approximately ten-minute inter­
vals. Output from the chromatographs is recorded on strip 
charts in the control room and maintained on file.
The two remaining parameters, employee location and 
time of exposure can be measured by any one of several tech­
niques .
Motion and Time S t u d y . One classical method for pre­
dicting employee locations involves the use of motion and 
time study analysis. This technique could produce a chart 
for each job classification outlining location versus time 
for a typical work shift. A continuing work sampling plan 
could be employed to ensure that the actual work scheme for 
each job classification did not vary significantly from the 
initial sequence. This method could have application in 
plants were job tasks are repetitive and therefore predict­
able with a significant level of accuracy. However, in 
continuous chemical process operation, the job tasks of 
operations and particularly of maintenance personnel are so 
variable that a motion/time study analysis could not
13
reliably predict location versus time charts for all e m ­
ployees .
Transmi t t e r . An innovative approach to monitoring 
employee location employs the use of miniature electronic 
transmitters, carried by each employee so that his exact 
position could be continuously monitored and recorded.
While such a technique would obviously yield the ultimate 
in accuracy, it would be cost-prohibitive for most applica­
tions. In addition, employee reaction to a device whereby 
management could continuously monitor their whereabouts 
would undoubtedly be strongly negative.
Badge R e a d e r s . A third approach to monitoring employee 
locations utilizes a network of badge readers located at 
strategic points in the plant. This not only appeared to 
be the most cost-effective technique, but also overcomes the 
basic objections to time and motion and transmitter tech­
niques. By locating badge readers at the entrances to 
critical areas of the plant (e.g., regulated areas) the 
time during which any employee might remain in an area with 
potentially high ambient VCM levels could be logged. Each 
employee would carry a unique identification card (exist­
ing ID cards could be used when appropriately punched) and 
would be required to "punch in" and "punch out" upon enter­
ing and exiting regulated areas.
Data Compilation and R e d uction. Data from two of the 
sources outlined above (i.e., gas chromatographs and badge
14
readers) are required to calculate exposures (TWA) of per­
sonnel. First, the ambient VCM concentrations as a function 
of time in various plant areas are measured by the gas 
chromatographs and recorded. Second, personnel location 
data are generated by the badge reader network. The data 
from both sources must be compiled, correlated and reduced 
to generate daily TWA exposures for plant employees. The 
TWA exposure for an individual is calculated using the fol­
lowing equation:
j  (Ti )(C1 )
TWA = ^ - ----------  (4)
I
i = 1 1
)
where C.. = concentration in ppm
T.. = time exposed at that concentratioh in hours
Such voluminous calculations are best automated to be 
practically useful. It would seem, therefore, that the 
most appropriate system for the Conoco VCM Plant would be 
one which utilized the existing chromatographs, coupled 
with a network of strategically placed badge readers and 
centered around a minicomputer to compile and reduce the 
data to useful form (see Figure 3).
Proposed System
Several firms currently market systems utilizing badge 
reader networks similar to that outlined in Figure 3.
15
FIXED POINT LOCATIONS
Figure 3. Automated monitoring system.
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Preliminary quotes indicate that TANO Corporation of New 
Orleans offers the most cost-effective approach. TANO's 
VCM monitoring package employs a Digital PDP-11 m i n icom­
puter to continuously monitor the two input variables. Any 
measured concentration higher than a preset limit would 
cause an alarm system to activate. Each person entering 
the plant would be issued a unique badge number and a 
wallet-sized card. Upon entering one of the designated 
areas, employees would insert their card into the badge 
reader. A background ambient concentration level is used 
for individuals not registered into one of the designated 
areas. At the end of each shift, VCM concentrations com­
piled from chromatograph input, coupled with badge reader 
inputs, are integrated into TWA exposures for each employee. 
These data are used to produce reports such as:
1. A daily report of VCM exposure for each person in 
the plant during the preceding twenty-four hours.
2. A letter individually addressed to each person 
exposed to VCM levels higher than the permissible 
limit (an OSHA requirement).
System components and preliminary price quotes are 
listed below:
PDP-11 Computer w/32K Processor
7 Badge Readers 
TDAC Interface 
RSX11-M System Software
1 7
Application Software 
Installation 
Dual Cassette 
Disk
1A 36 Printer 
Bootstrap Cassette
System Price $58,000
Additional Badge Readers ($1650 ea.)
VCM maintenance personnel would provide materials (wire, 
conduit, etc.) and labor for installation of badge readers 
and equipment. Expertise for system "hook up" is included 
in quoted price.
Accuracy Verification 
Accuracy Requirements
The automated monitoring system, as proposed by TANO 
Corporation appears to meet the requirements initially es­
tablished for an automated monitoring system with one pos­
sible exception - - a c c u r a c y . The accuracy of personnel 
monitoring via fixed point monitors has not been verified.
Paragraph 1910.93 q (c) (4) of the 0SHA VCM standard 
states:
The method of monitoring and measurement shall have 
an accuracy (with a confidence level of 95 percent) 
of not less than plus or minus 50 percent from 0.25 
through 0.5 ppm, plus or minus 35 percent from over
18
0.5 ppm through 1.0 ppm, and plus or minus 25 per­
cent over 1.0 p p m .
If an automated monitoring system is to be used to 
demonstrate compliance with the OSHA regulations, then some 
technique is needed to verify the accuracy of the system.
One way to gage the results obtained from an automated 
monitoring system is to compare the system output to the 
results obtained by the recognized monitoring technique 
(personnel dosimeters). If the data derived from monitor­
ing an individual via an automated system are indeed valid, 
they should compare very closely with the results from 
monitoring that same individual with a personnel dosimeter.
Regression Analysis
Regression is a mathematical technique used to measure 
and quantify the relationship between two or more variables. 
In this application there are two variables; y, the value 
obtained from monitoring an individual with a dosimeter and 
x, the value obtained by monitoring that same individual 
via the automated system. Ideally, the two values would be 
exactly the same if a large number of samples were taken, 
the relationship between x and y would be expressed as
x = y (5)
in which case the regression line would be a straight line, 
starting from the origin and extending at an angle of
19
45 degrees.
In actuality, due to the accumulation of error from 
many sources, the relationship will be something other than 
a simple x = y. However, if a consistent relationship 
exists, its parameters can be determined through a regres­
sion analysis and a "calibration curve" for the automated 
system can be derived.
Experimental Procedure
Data C o l l e c t i o n . During the month of June 1975, each 
employee who was scheduled to be monitored via personnel 
dosimeter was also issued a time chart (see Figure 4) and 
requested to maintain a record of his location and time 
expended at that location during that shift with particular 
interest to the plant regulated areas. The objective of 
this time chart was to obtain the same data that would be 
collected by the badge reader network, if it were installed 
and operational. That is, the time charts would provide 
information as to when and how long the employee was in the 
critical areas of the plant.
20
7:00 /
7:15 ✓
7:30 ✓
7:45 /
8:00 ✓
8:15 /
8: 30 ✓
8:45 ✓
9:00 /
9:15 /
9: 30 ✓
9:45 /
10:00 /
10:15 /
10:30 /
10:45 /
11:00 /
11:45 /
12:00
12:15 /
12:30 ✓
12:45
1:00 /
1:15 /
1 :30
1 :45 /
2:00 /
2:15
2:30 /
2:45 /
3:00 /
3:15
3:30 /
/
✓
✓
/
/
Figure 4. Time chart
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This worker location information was then used in con­
junction with the strip chart output from the fixed point 
gas chromatographs to calculate a TWA exposure for each 
employee (using equation (4)). The data thus calculated 
represented a simulation of the data that would be obtained 
from an automated monitoring system and represents the x 
variable in the regression. The results from the dosimeter 
evaluation on each individual represent the y variable in 
the regression analysis.
Mathematical A n a l y s i s . Any linear relationship between 
two variables can be expressed in the form:
y = a + bx
In a linear regression, the unknowns in the equation (a and 
b) can be computed using the method of least squares. The 
formulae are shown below:
n
I  (x . - x ) (y . - y) 
i = 1 ---------------- —  ( 6 )
I (x, - x)2 
i = 1 1
a = y - bx
Since the relationship is not strict, i.e., there is 
some variance of the data from the regression line, the con­
fidence limits for y for an observed value of x can be cal­
culated using the following formulae:
22
Confidence limits for y:
y = a + bx + t S —a/2;n-2 y/x n + n
(x - x)2
2
where ta/2 .n_2 = the t statistic for n - 2 d.f. and a/2
In this application a was calculated to be 0.0984 
(see Appendix A) and b was calculated to be 0.3565. 
Therefore, the regression line or functional relationship 
between x and y can be expressed as:
The variance of the data from the regression line was q u a n ­
tified by calculating the upper and lower 95 percent con­
fidence limits of y for particular values of x. These 
confidence limits are shown as P P * in Figure 5. Sample 
calculations and data are shown in Appendix A. The graph 
shown in Figure 5 is essentially a calibration curve for 
the simulated automated monitoring system. It is used to 
determine the actual exposure of an employee who has been 
monitored via the automated system.
S
I ( y i - y ) 2 - b l ( x .  - x)(y. - y)
x/y n - 2
y = a + bx = 0.0984 + (0.3565)x
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To use the graph, find the x value obtained from m o n ­
itoring an individual using the automated system. The 
"actual" exposure of that individual is the corresponding 
value along the y-axis. For example, if automated monitoring 
results indicated that an individual was exposed to 1.5 ppm, 
Figure 5 would be used to show that his actual exposure 
was approximately 0.63 ppm. Moreover, the graph indicates 
that we are 95 percent confident that his actual exposure 
is between 0.60 ppm and 0.67 ppm.
For purposes of OSHA compliance we can be 95 percent 
confident that an employee has not been overexposed if, 
in this example, his automated monitoring results are 
2.35 ppm or less.
The results of the regression analysis show that there 
is a predictable relationship between the results obtained 
with dosimeter monitoring and those obtained through a 
simulated automated technique. An automated system, prop­
erly designed and installed, could be used to demonstrate, 
with 95 percent confidence, that employees are not exposed 
to VCM in excess of the permissible limit.
In this limited study, the resulting absolute accuracy 
of the system did not meet the stringent OSHA requirements 
outlined previously. However, several actions are available 
which could reduce the confidence interval. For example, 
the method of tracing employee position in this experiment 
(by means of the time chart) was admittedly crude. With a
25
badge reader network actually installed, the data obtained 
would be much more precise. Consequently, a more precise 
calculation of an individual TWA exposure would be possible. 
In addition, after installation of the system, the computing 
power afforded by the PDP-11 minicomputer would enable the 
operator to select the most appropri ate i nput data to match 
dosimeter results.
In summary, it is felt that an automated system for 
VCM monitor, when properly designed and installed can be 
used to effectively evaluate personnel exposure to VCM 
vapors. There is no reason why the automated concept could 
not be successfully applied to other environmental monitor­
ing problems.
Lastly, it was shown (proprietary information) that 
the automated system can be economically justified by its 
savings in laboratory and administration man-hours.
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EVALUATION OF NOISE EXPOSURE 
Background
The objective of this project was to assess the Conoco 
Noise Reduction Program as implemented in the VCM Plant and 
to make recommendations to ensure compliance with the forth­
coming OSHA standard on occupational noise exposure.
OSHA officials have predicted promulgation of a per­
manent standard sometime between mid-October 1975 and J a n ­
uary 1976. The proposed standard requires that:
1. Employee exposure to continuous noise must be 
limited to 90 decibels A-weighted (dBA), time- 
weighted average over an eight-hour work day.
A new provision is that an eight-hour exposure 
to 85 dBA would constitute a daily noise dose of 
50 percent of the allowable limit.
2. Workplace noise levels must be monitored annually 
to determine if any employee is exposed to 85 
dBA or higher, and monitoring must take place 
within 30 days of any changes in workplace 
equipment or process which might affect plant 
noise levels.
3. Engineering controls must be developed and im­
plemented where feasible. Personal protective 
equipment may be used as a control only when 
engineering control measures have failed to
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reduce noise exposure to acceptable levels.
4. A program for annual audiometric testing for 
all employees exposed to 50 percent of the 
allowable limit or more.
The noise abatement program, established several years 
ago at the VCM Plant had the avowed goal of 92 dBA or less 
in all plant areas. This level would permit maintenance 
men to work in any area of the plant for as much as six 
hours per workday without receiving an excessive dose.
With a few isolated exceptions, this goal has been reached. 
It, therefore, appears that compliance with the new OSHA 
noise standard will not pose any unsurmountable problems 
for this plant.
Grid survey data indicate that the continuous ba ck­
ground sound levels in the operating area range from 85 dBA 
to 87 dBA. A few areas still exceed the 92 dBA goal set 
by Conoco (and the OSHA eight-hour limit of 90 dBA). These 
areas are not routine work stations for any employee and, 
therefore, do not necessarily create daily noise doses 
exceeding the compliance limit. However, some maintenance 
tasks require that workers remain in high noise areas for 
sufficient time periods to receive an excessive dose.
Data obtained with audiodosimeters confirmed that 
there was not a noise exposure problem in the plant for 
routine operations. Five-day averages of noise doses for 
selected job classifications in maintenance and operations
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showed a typical daily dose of less than 40 percent of the 
allowable limit. However, there are some job tasks in the 
plant which do result in overexposure. Recommendations for 
the solution of these specific problems are contained within 
this report.
Survey and Results
Sound levels in the office areas, warehouse, laboratory 
and most outside work areas are consistently below 90 dBA, 
the OSHA eight-hour maximum for continuous exposure. O v e r ­
exposure within an eight-hour workday will not occur in 
these areas.
Grid S u r v e y . Most of the significant noise sources in 
the plant were located within the battery limits, block I 
and block II. The first step in this study was to measure 
the sound levels at twenty-foot grid intervals throughout 
the operating area. Measurements were made with a General 
Radio Model 1565-B sound level meter which meets OSHA re­
quirements. Five readings were taken at each grid location 
on non-successive days at random times to arrive at the 
typical noise level for each point.
The following equation is used to calculate average 
sound levels:
L 1 L2 Ln L = 1 0  l o g [ a n t i l o g  yj j  + a n t i  l o g  + . . .  + a n t i  l o g  y jj ]
- 10 log n
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where L. = random sound level readings 
L = aver a g e sound level
Two grid surveys were made, one at full produ ct ion rates 
and one at rates of app ro xi ma t el y 40 percent. The higher 
noise levels during full rates reflect higher flow rates 
through valves, pumps, etc. Figure 6 shows the results of 
the first grid survey. Figure 7 shows the results of the 
grid survey taken at the higher production rates.
So und levels me as u re me nts were also made around the 
more intense noise sources in the plant where the grid 
survey data reveal sound levels which could cause personnel 
ex posure pr oblems. The seven major high noise areas and 
their pr im a ry  noise sources are listed below.
SOUND
LEVEL
(dBA)
1. BL 301 Ox y- Ai r Comp re ss or Area
DeMag Compressor, inside en closure
A d j a c e n t  to en closure
Q u en ch  Col. Reflux and HC1 Feed 
Pumps (P202A&B) 91
92
96
2. BL 502 R e f r ig e ra t io n C om pr e ss o r Area 
Inside en closure 94
S te am  valve to HC1 reboiler (FRC 204)
3. Ch l o ri n e Co m pr e s s o r  Building 92-95
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SOUND
LEVEL
(dBA)
4. West End of Block I
Steam v a 1ves to 1 ight ends reboiler 1nl
(FRC109 & 124) 101
Heavy ends reflux pumps (P106 A&B) 95
Light ends reflux pumps 94
5. East End of Block I
Boiler feed water pumps (P502 A&B) 92
Steam valve to vinyl reboilers (HCV272) 91
Breakdown, 150 to 50% steam (PIC506A) 91
6. Fur na ce s (R 2 0 1,A & B )
Be tween 94
A d j a c e n t  92
7. East End of Block II
E thylen e feed valve to oxy (FRC 313) 88-98
The general noise level in the process area is such 
that e x c e s s i v e  e x po su re  could occur to personnel required 
to work in the high noise areas listed above for exte nd ed 
time periods. Because accurat e data as to the amount of 
time e m ployees  remain in high noise areas were not a v a i l ­
able, the exte n t of the noise exposure problem in the plant 
can be most a c c u r a t e l y  d et ermine d only through the use of 
audi odosi m e t e r s .
A u d i o d o s i m e t e r  S u r v e y . The au d io do s im e te r  is a p o r t ­
able i n s t r u m e n t  which, when carried on the belt of an
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employee for an e ig h t- h o u r  shift, integrates his time- 
weighted average e x po su re  and computes his daily noise dose 
as a p er ce n ta g e of the all owable limit. Five-day averages 
were d e t e r m i n e d  for selected operations and ma i nt en an ce 
p e r s o n n e l .
O pe r at i on s . During normal plant operations outside 
operators for block I and block II make periodic sampling 
rounds through the process area. They typ ically spend one 
to four hours per shift in the unit. A u d i o d o s i m e t e r  a n a l ­
ysis of both jobs for all three shifts (day, evening, and 
night) ind icates that the average noise dose is a p p r o x i m a t e ­
ly 28 per c en t  of the allowable limit for the block I o p e r ­
ator and 27 per c en t  for the block II operator (see F i g ­
ure 8). Thus, it appears that operations personnel are not 
ov er - ex po sed to noise during normal plant operations. H o w ­
ever, m a i n t e n a n c e  problems, process upsets or other a b n o r ­
malities could o c c a s i o n a l l y  require more time in high noise 
areas with a re su lt in g potential for an excess iv e noise 
d o s e .
Mai n t e n a n c e . Whereas the routine of the outsid e o p e r ­
ators is c o m p a r a t i v e l y  repeatable and predictable, e s t i m a ­
tion of a "typical" daily noise dose for m a in te n an c e e m ­
ployees pre se nt s a substantial problem. On any specific 
day, m a i n t e n a n c e  work might require that an empl oy ee  remain 
in high noise levels for ext ended time periods. That same 
employee m i gh t  receive little or no exposure to high noise
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OPERATIONS
Block I Op er ators
Night (5 o b se rv at ions) 
Day (5 obs e r va ti o ns )  
Ev ening (4 obse rv ations)
Noise Exposure 
of A 1 1owable Limi t 
I------1______ i I0 50 Too 150
Block II Ope ra to rs
Night (5 obse rv a ti on s ) 
Day (5 observa t i on s)  
E vening (4 observat io n s)
a 16
27
MAINTENANCE
Millwrigh ts  (4 observat io ns )
(Vibration Readings) (2 o b s e r v a t i o n s 140
Boilerma ke rs  (5 observations) ' / / / /  44
^ 3 8
Pipefitters & Welders (5 observations)
Instruments & Electrical 
(5 ob s er v at i on s)
Carpenters & Insulators 
(5 o bs e rv a t i o n s )
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Figure 8. Noise d o si meter data summary.
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levels on the fo ll owing day. The a ud i od o s i m e t e r  data for 
m a i n t e n a n c e  personnel reflect this variability. There 
ap pears to be no si gni fi c an t  difference between crafts,
i.e., no one craft was s i gn if ic antly more exposed than the 
others. Overall, the daily noise dose for m a in t e n a n c e  was 
37 percent. A l t h o ug h so mewhat higher than operations, this 
dosage does not r ep resent a compliance violation.
One job task, c o mp r es so r  vibration reading, did result 
in an e x c e s si ve  exp o su r e (140 percent).
Conclus i ons
The e x i s ti ng  noise e n vi ro n me n t and employee work p r a c ­
tices do not result in ov er e xp o su r e to noise on a routine 
basis as de fi n ed  by the proposed OSHA standard. However, 
there are jobs which pe ri od i ca l ly  require employees to 
remain in high noise areas for s uf f ic ie n t periods to c o n ­
st it ut e an excess in exposure. These exposures, while non- 
typical, are nonethe le ss  hazardous and should be controlled. 
Variou s av enues are availabl e to ensure compliance.
R e c o m m e n d a t i o n s  to Ac hi e ve  Compliance
G e n e r a l . There are three recogn iz ed  techniques of 
c o n t r o l l i n g  noise exposure. In their normal order of p r e f ­
erence, these are:
1. E n gi ne e r i n g  c o n t r o l s - - r e d e s i g n , replacement , or 
e n c l o s u r e  of high noise sources.
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2. A d m i n i s t r a t i v e  control s- -rearr an ge  work schedules 
so that employees are not required to remain in 
high noise areas for sufficient time to receive 
an e x c e s s i v e  dose.
3. Personal protection equipment-- is su e and enforce 
the use of hearing protection (plugs or muffs) 
in high noise areas.
The p r o po s ed  s ta nd ard requires that all "feasible" e n ­
gi neerin g and a d m i n i s t r a t i v e  controls be implemented to 
bring noise e x po su res to within permissible limits. P e r ­
sonal p r o t e c t i v e  devices are deemed appropriate for use only 
if e n g i n e e r i n g  and ad mi nis t ra ti o n controls fail to a d e q u a t e ­
ly reduce noise exposure.
E ng i ne e ri ng  C o nt ro ls
W e s t  End of Block I . "Whisper Trim" valves for the 
re boilers on the light ends column have been ordered and 
received. I n s t a l l a t i o n  of these a c ou stic al ly  designed 
valves sh ou ld  s i g n i f i c a n t l y  reduce the noise levels in this 
a r e a .
De mag C o m p r e s s o r  ( B L 3 0 1 ) . Placing sound absorbent 
material on the walls of this compr essor building should 
reduce noise levels inside from 94-96 dBA to 90-92 dBA by 
red uc in g r e v e r b e r a t i o n  of sound. Additional reduction could 
be o b t a i n e d  by lagging the dis charge line with a high t e m ­
per at ur e v i br a ti on  damping compound. These control measure s
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sho uld reduce the noise level to the 92 dBA goal origin al l y 
e s t a b l i s h e d  for the plant. [Note: These are the Conoco- 
establi shed goals . ]
Pr op y le n e Co mp r es s or  ( B L 5 0 2 ) . Sound a bs or bent material 
on the bu i ld i ng  walls should reduce the sound levels to 
with i n the 92 dBA goal in this area also.
O t h e r s . Other eq ui pm ent in the plant occa si o na l ly  
generates  ex c e ss iv e  noise levels. For example, the sound 
power level of a pump or valve is de pe ndent upon the flow 
rate through it. Therefore, the noise level in the vicinity 
of that piece of eq u ip m en t  would vary with plant produ ct ion 
rates. It is not feasible to replace or redesign each piece 
of e q u i p m e n t  w h ic h  o c c a s i o n a l 1y generates high noise levels. 
However, e q u i p m e n t  with high noise c ha ra c te ri stics can be 
e l i m i n a t e d  by attrition. Sound power level should be among 
the pr imary design criteria for any new or r e place me nt  
e q u i p m e n t  c o n s i d e r e d  for purchase by the plant. The m a x i ­
mum a c c e p t a b l e  sound power level should be included in the 
design s pe c if i ca ti o ns .
A d m i n i s t r a t i v e  Controls
The three pr ima ry high noise levels in the plant (BL501, 
B L 3 0 1 , and c hlorine  c om pressor  building) have been d e s i g ­
nated as high noise level areas. Access to these areas is 
c o n t r o l l e d  and limited to autho rized personnel.
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Personal P r o t e c t i o n  Equipment
The data indicate that excessive noise doses in this
plant are li mi ted to non-typical and/or infrequent job
tasks wh ic h re quire abnormal exposure times in the high
noise areas. P ar a gr ap h 1910.95 (c) (3) of the OSHA
Sta ndard states:
H e a ri ng  p rotecto rs  may be provided to, and used by 
an e m p l o y e e  to limit noise exposures in lieu of 
f e a s ib l e e n g i n e e r i n g  and adm inistrative controls if 
the e m p l o y e e ' s  exposure occurs no more than one day 
per w e e k .
Therefore, it ap pears that compliance can be attained by 
e nf o rc in g the use of personal hearing protection for jobs 
in which high noise levels are encountered. Specifi cally, 
hearing p r o t e c t i o n  should be mandatory for entry into the 
following areas:
1. Ch l or in e  co mpr e ss o r building
2. BL501 b u il di ng
3. BL301 buildi ng
4. BL302 build ing (when running)
5. Betwee n R201 A&B
In a dd i ti on ,  hearing protection should be required and 
its use e n f o r c e d  for the following jobs:
1. T ak i ng  c o mp r es s or  vibration readings
2. Using n eedle  scalers
3. Using the band saw
4. Using the grinder
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5. S a n d b l a s t i n g
6. Any time when the job necessitates remaining in 
high noise levels for extended periods of time
Hearing C o n s e r v a t i o n  Program
P a r a gr a ph  1910.95 (g) of the proposed noise standard 
specifies that all persons who receive a daily noise dose 
equal to or e x c e e d i n g  0.5 (50 percent of the allowable 
limit) mus t be cove r ed  by a hearing conservation program.
At a m inimum, such a progra m would include the following:
1. A ba s el i ne  a ud i og ra m for each employee who r e ­
ceives a daily dose in excess of 0.5.
2. S u b s e q u e n t  annual audiometric t e s t i n g .
3. Ear prote c to r s for all employees who show a 
s i g n i f i c a n t  threshold shift.
In the VCM Plant, most of the ma intenance and operation 
personel i n f r e q u e n t l y  receive a noise dose in excess of 
0.5. T h er e fo r e,  a formal hearing co nservation program 
should be m a i n t a i n e d  for these employees. For compliance 
with the p r o p o s e d  re gu lation, it would not be necessary to 
include o f fi c e and w a r e h o u s e  personnel in the hearing c o n ­
servation program.
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OTHER PROJECTS 
C a l i b r a t i o n  of Dosimeter Monit oring System
The new OSHA St a n da rd  for exposure to vinyl chloride 
is e x p l i c i t  in its delineati on  of the requirement for a c c u ­
racy in the personnel m o ni to r in g  technique (see p. 17). 
However , there was c o n s id er a bl e  m is un d er s ta n di ng  in i n t e r ­
pr et i ng  the statement. The question arose concerning wh et he r  
the a c c u ra c y req u ir e me n ts  refer to the quantitative  c h e m i s ­
try t ec hn ique, to the sampling strategy, to the sampling 
m e ch a ni s m,  or to all three; i.e., the total monito ri ng  
system. There also was appa re nt ly some question as to the 
m e a n i n g  of the "95 pe rcent confiden ce  level." To elu cidate 
the con ce p t of statistical confidence levels for the VCM 
Plant staff, the fo ll ow ing p re s entatio n was developed.
C on f id e n c e  Level
The 95 pe rc e nt  confidence level r eq ui rement  e s s e nt ia l ly  
re cog n iz e s the fact that n o m e a s u r i n g  system is pe rf ectly 
ac c ur a te  and is an at te mpt to quantif y how inaccurate the 
t e ch n iq u e may be. It is a statistical concept that is p e r ­
haps best e x p l a i n e d  using an example.
A s s u m e  that the known c o nc en tr ation of vinyl chl oride 
vapor in a p a r t i c u l a r  area is exactly 5 parts per million 
(ppm). A s s um e fu r th e r that a large number of sample m e a ­
sur ements,  say 800, are taken. Obviously, due to the
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inhe rent i n a cc ur a cy  of any measu ri ng  system, the values o b ­
taine d from the 800 observations will not all equal exactly 
5 ppm. Hopefu ll y,  the vast majority of the results will be 
very close to 5 ppm but we would expect a few to fall 
fa rther away. Suppose that the 800 sample ob se rvatio ns  
could be s u m m a r i z e d  as shown in Table 1.
FREQUENCY
0
13
52
97
156
175
144
102
48
12
1
0
TABLE 1
CLASS INTERVAL
_____ Lp m )_______
0.5
0 .5 - 1 .5  
1 .5-2.5
2.5-3.5
3.5-4.5
4.5- 5 .5
5.5-6.5
6.5 -7.5
7.5-8.5
8.5-9.5
9 . 5- 10 .5 
10.5
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In Table 1 the "Frequency" column represents the n u m ­
ber of sample me a su r em e nt s which fell within the c o r r e s p o n d ­
ing Class Interval Range. These data can be displayed 
g r a p h i c a l l y  by c on s tructi ng  a hi stogram (see Figure 9).
If the number of ob ser vations is increased inf initely and 
the sign or range of the class interval is dec re as ed to an 
i n fi n i t e l y  small size, the resulting graph would be a c o n ­
tinuous curve ap p ro xi m at i ng  the well- known normal d i s t r i b u ­
tion or "bell curve" as shown in Figure 10.
Any normal di st r ib ut ion is completely sp ecified if two 
p ar a me t e r s  are known. First is the mean, or arith me tic 
av erage, w h i c h  is defined as the sum of the values of the 
o b s e r v a t i o n s  di vi d e d by the number of obs ervations. The 
second n e c e ss a ry  p ar am e te r  is the standard deviation which 
can be c a l c u l a t e d  using the following formula:
wh ere a = s t a n d a r d  devia tion
x.j = value of individual observa ti on  
x = mean
n = nu mb er of ob servations
If only a r e p r e s e n t a t i v e  sample of observat io ns  is to be 
made, an e s t i m a t e  of the populatio n standard de vi ation can 
be made using the fo ll owing formula:
(10 )
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Figure 9. Histogram.
12 1
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Figure 10. Normal curve.
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S =
- x ) 2 
1------ ( 11)
A s s u m e  that in order to estimate the co nc e nt r at io n  of 
VCM in the area with a known con ce ntration  of 5 ppm, ten 
sam ple m e a s u r e m e n t s  are taken with results shown below.
C O N C E N T R A T I O N  
_  (PPm)
x. - x
50.0
(xn- - x ) 2
X 1 = 5.1 0.1 0.01
x 2 = 4.8 -0.2 0.04
X 3 = 3.2 -1.8 3.24
x 4 = 2.5 -2.5 6.25
X 5 = 3.8 -1.2 -.44
x 6 = 3.2 -1 .8 3.24
x 7 = 7.1 2.1 4.41
x8 = 5.6 0.6 0.36
*9 = 8.5 3.5 12.25
*10 = 6.2 1.2 1.44
32.68
The samp l e es ti m at es  of the mean and stan da rd de vi at io n are 
then c a l c u l a t e d  as follows:
x = — 1 = ^  = 5 0x n 10 a -u
Be cause about 95 pe rce nt of a large number of o b s e r v a ­
tions will be ex pe c te d  to fall within plus or minus 2 stand 
ard de v ia ti o ns  of the mean, we would expect 95 percent of 
all future m ea s ur e m e n t s  to fall within plus or minus 3.8 of 
5.0. In o th e r words, the measu re m en t  technique shows the 
c o n c e n t r a t i o n  to be 5.0 ppm + 3.8 ppm with a 95 percent 
confi dence 1e v e l .
I n t e r p r e t a t i o n  of S tandard
C o r r e s p o n d e n c e  with the Area and Regional Offices of 
the Oc c up a ti o na l Safety and Health Ad m in i s t r a t i o n  y i e ld e d 
i n f o r m a t i o n  c o n c e r n i n g  official in te rpretat io n of the 
a c c u r a c y  requir ements. In their view, the implied error is 
c u m u l a t i v e  er r or  incurred in making measurem en ts  of TWA e x ­
posures. The sa mp l in g strategy, sampling mechanism, and 
q u a n t i t a t i v e  ana ly si s procedure all contri bute to the c u m u ­
lative error. Sampli ng  strategy (i.e., grab samples versus 
i nt e gr a t e d  samples) has the greatest potential influence on 
the accuracy. However, a sampling strategy which calls for 
sa mp l in g  c o n t i n u o u s l y  with a personal sampler throughout 
the dura ti o n of exposure in the time period involved (15 
mi nutes or 8 hours) will, ac co rding to OSHA's in te rp r et a ti o n
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i nt roduce e s s e n t i a l l y  no error. The remaining potential 
error sou rces, s a m p li n g me c h an is m  and q u a n ti ta t iv e  analysis, 
were m e a s u r e d  by p roper  calibra ti on  techniques.
C a l i b r a t i o n  T e c h n i q u e s
P r o p er  c a l i b r a t i o n  of personal sam pling syst em involved 
the use of p u r c h a s e d  stan da rd  gas cylinders containing known 
c o n c e n t r a t i o n s  of vinyl chloride. Ca libration was conducted 
at three c o n c e n t r a t i o n  levels: 2.0 ppm, 0.8 ppm, and
0.25 ppm. A s chema tic of the c a 1 ibrat ion setup is shown in 
F i g u r e 11.
R e p l i c a t e  sam p le s,  an alyzed using normal techniques of 
gas c h r o m a t o g r a p h y  p e r m i t t e d  the c al cu lation of means, 
st an da rd d e v i a t i o n s ,  and 95 percent confidenc e levels shown 
in Table 2. T h e s e  data co nf irmed that the sampling me c ha n is m 
and q u a n t i t a t i v e  ana ly s is  te chnique used by VCM Plant p e r ­
sonnel e x c e e d  OSH A a c c u r a c y  requirements.
TABLE 2
KNOWN
C O N C E N T R A T I O N X LCL UCL OSHA REQ UIR EM EN TS
2.0 ppm 2.1 1.9 2.3 1.5 to 2.5 (+25%)
0.8 ppm 0.9 0.8 1 .1 0.5 to 1.1 (+35%)
0.25 ppm 0.24 0.15 0. 33 0.12 to 0.38 (+50%)
NOTES:
1. Standard gas cylinders of 2 ppm, 0.8 ppm, and 0.25 ppm were used.
2. Flowrate from standard gas cylinder was set by observing 
overflow through manometer
Figure 11. VCM personal m o n i t o r i n g  system-- 
~ ca libr at io n schematic.
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T u r n a r o u n d  Loss Control Program
My p r im a ry  pr oj ec t  for the month of April was a s s i s t ­
ing wi th  the loss control act iv i t ie s  associated with the 
o c c u p a t i o n a l  health and safety aspects of the annual VCM 
Plant t u r n a r o u n d ,  which began April 5 and continued for 
a p p r o x i m a t e l y  three weeks. A p p r o x i m a t e l y  90 casual ( t e m p o ­
rary) e m p l o y e e s  wer e hired to assist in cleaning vessels 
and columns, r e p l a c i n g  reac t or  catalyst  and so forth. 
H i s t o r i c a l l y ,  a large p e rc en t a g e  of the losses associated 
with p e r s o nn e l inj ur i es  each yea r occur during the t u r n ­
around. To rev er s e that trend, special emphasis was placed 
on the p r e v e n t i o n  of losses by co n tr ol ling the health and 
safety a s p ec ts  of t u r n a r o u n d  work. As a result, injuries 
r e q u i r i n g  first aid only t r ea tm e nt  were reduced 52 pe rcent 
from the p r e v i o u s  t u r n ar o un d,  injuries requiring only m e d i ­
cal t r e a t m e n t  wer e reduced by 80 percent and losses r e s u l t ­
ing f r o m  d i s a b l i n g  injuries were elimina te d  entirely.
My time in v ol v ed  with the t ur naroun d safety program can 
be c a t e g o r i z e d  into three basic areas: (1) personal o r i e n ­
tation and f a m i l i a r i z a t i o n  with both federal and company 
safety r e g u l a t i o n s  and proc ed ur es, (2) personnel training 
and i n s t r u c t i o n ,  and (3) direct  safety supervision.
The new OSHA " St an dard for Exposure to Vinyl Chloride" 
requires that all em pl o ye e s be in st ru ct e d in the nature of 
the health h a za r d from ch ro nic exposure to vinyl chloride 
i nc l ud in g the s p e c i f i c  nature of the operations having
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po te nt ial for exposur e to VCM in excess of the pe r mi ss ible 
limit; the purpose for, and proper use of, res pi ra tory p r o ­
t e c t i v e  equip ment; the VCM mo n it o r i n g  program, medical s u r ­
v e i l l a n c e  program; etc. No VCM exposure was a nt ic i p a t e d  for 
the casual em pl oy e es  because the plant was non-oper at io nal 
for the d u r at i on  of the turnaround. All eq u ip me n t in cl uding 
lines, vessels, columns and reactors was cleared of VCM. 
N e v e r t h e l e s s ,  to insure co mpl i an ce  with federal regulatio ns , 
each casual e m p l o y e e  was aff o rd ed  training in the health 
a s p e ct s  of e x p o s u r e  to vinyl chloride. I ass isted in this 
i n s t r u c t i o n .
It was ob vious that much pr e pa ra tory work had gone into 
the d e s ig n  and i m p l e m e n t a t i o n  of the turna ro und loss control 
pro gram. E n g i n e e r i n g  design controls s i g n i f ic an t ly  re du ced 
e x p o s u r e  to toxic ca t a ly s t dust reducing both the i n h a l a ­
tion and eye i r r i t a t i o n  hazards. Formal proced ur es  and 
g u i d e l i n e s  had been establis he d,  printed, and d is t ri bu t ed  
to le ad m en  and su pe rv i so r s.  Ap pr op ri a te  personal p r o t e c ­
tive e q u i p m e n t  was o r de r ed  in advance, m a in t a i n e d  in stock 
and issue d when req ui r ed  for hazardous operations.
D i r e c t  loss control su per v is io n  involved e v a lu at i on  of 
o p e r a t i o n a l  p ro ce d ur e s and techniques plus o bs e rv a t i o n  of 
t u r n a r o u n d  pe rf o r ma n ce .  Tasks of this type, becaus e of their 
i n v o l v e m e n t  with people, are, I believe, among the most 
d i f f i c u l t  and r ew a rd i ng  of en gin e er in g  jobs. It is d i f f i ­
cult to know too much about the reactions of people and
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their r e sp on ses to certain situations. Convi nc in g employees 
t ha t  p r e s c r i b e d  work procedures are pe rson a ll y  important 
to them is a fo r mi d a b l e  task. Each w o r k er  is an individual 
who m u st  be i n d e p e n d e n t l y  ap pr o ac h ed  and dealt with 
uniquely.
The National Safety Council, [7] lists su pport from 
m a n a g e m e n t  among the first pr erequ i si t es  to a viable loss 
contro l program. The valid it y of this axiom was s u b s t a n ­
t ia t ed  by the i m p r o v e m e n t  in the control of personal i n ­
j u ri e s and th eir a s s o c i a t e d  losses during this turnaround. 
The pl an t  m a n a g e r  a t t en d ed  most of the briefings before and 
d u r i n g  the t u r n a r o u n d  and often com mented upon the value of 
f o l l o w i n g  p r e s c r i b e d  wo rk  practices. His int er es t and in- 
s i s t a n c e  upon a d h e r e n c e  to pr esc r ib ed  rules were, I believe, 
i n s t ru m en t al  in i n s t i l l i n g  the prope r attitude in plant 
s u p e r v i s o r s  and e m p l oy ee s  at all echelons. Gr at i fy in g  
e m p l o y e e  c o o p e r a t i o n  and a reduced injury and loss f re q ue nc y 
and s e v e r i t y  w e re  the results.
Durin g the actual tu rn a ro un d  construction, my time was 
s pe n t m o n i t o r i n g  emp l oy ee  perf o rm a nc e  to assure c om pliance 
w it h  p r e s c r i b e d  p r o c e d u r e s  and personal p ro te c t i v e  e q u i p ­
me n t r e qu ir e m e n t s .  In addition, I was co ns u lt e d by leadmen 
and s u p e r v i s o r s  w h e r e  q ue st io ns arose as to the ad e qu a cy  of 
s c a f f o l d i n g  c o n s t r u c t i o n ,  rigging techniques, s af eguards 
for s a n d b l a s t i n g  and asbestos operations, and so forth.
The levels of silica, asbestos, noise, VCM, and EDC in 
wo r k areas were also monitored.
5 ]
S U M M A R Y  AND O B S E R V A T I O N S
There is today an increasing emphasis on the p r e s e r v a ­
tion of our e n v i r o n m e n t  and the cons er va tion of n o n ­
r e n e w a b l e  res ources. A signi f ic a nt  portion of this thrust 
is d i r e ct e d t o wa rd  the occupational environment. R e c o g n i ­
tion of the m y r i a d  of hazardous materials and conditions to 
w hi c h in dustrial w o r k e r s  are exposed has gained the a t t e n ­
tion of m a n a g e m e n t ,  labor and government.
The O c c u p a t i o n a l  Safety and Health Act of 1970 was p r o ­
m u l g a t e d  to pr ovide, i nsofar'as pos s i bl e , "a wo rk p la ce  free 
from r e c o g n i z e d  h a za rd s."
I ndustr y has been c hallenge d to main tain its level of 
p r o d u c t i v i t y  w h i l e  pr e se r v i n g  natural resources, both e n ­
v i ro n me n ta l  and human. To meet this challenge new t e c h ­
niques mu s t be d e v e l o p e d  for the recognition, evaluat io n  
and control of the oc c up a ti o na l environment. In many cases 
cl as si cal i nd u st r ia l  hygiene eng in eering m e th od o l o g i e s  are 
i n a d e q u a t e  to c om p ly  wit h the rigid governmental r e q u i r e ­
ments w r i t t e n  into curr e nt  legislation.
It is felt that the Doctor of E n gi n e e r i n g  from 
Texas A&M U n i v e r s i t y ,  armed with both the technical t r a i n ­
ing and the a w a r e n e s s  of non-technical problems is well 
e q u i p p e d  to w r e s t l e  with such problems.
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A P P E N D I X  A 
R E G R E S S I O N  A N A L Y S I S  CA LC ULATION S
No me n cl a  ture
REGRESSION CALCU LA T IO N S
b = 
a = 
n =
Sy / x
UCL
LCL
D
ith obse r va t io n  of si mu l at e d au t om at e d system 
res ults
ith obser v at i on  of d o s i m et er  results 
ca lc u l a t e d  e st imate of slope of regre s s io n line 
i nt e rc ep t  of regres si on  line . 
num be r of paired data samples •
v a r i at i on  of y with res p e ct  to x 
upper confidence limit (line) 
lower confid en ce  limit (line)
-  V
R e d u c e d  Data
n =
n
I x 1 
i = l 1
x =
n 0I (x i - x) 
i = 1 1
40
12.78
0.3195
7.5943
n
I y-j 
i = 1 1
y =
n - ? I (y, - y )2 
i = i 1
nI (x i - x)(y. - y) 
i = 1
n
I (Di - 
i = 1
2
8.49
0.2123
2.4352
2.7072
4.6413
D e t e r m i n a t i o n  of a and b
a = y - bx = 0.21 23 - (0.3565)( 0.31 95) = 0.0984 
Determination of 95 Percent Confidence Limits for b
I (y-j " y) - b I (x.  - x ) (y - y
s _ i = 1 1_______________ i = l 1 1
y / x  n - 2
= 2 . 4 3 5 2  - (0 .3 5 6 5 )(2 .7 0 7 2 )
38
= 0 . 0 3 8 7
X
UCLb = b + t >025;38 -  ^  ------' = °-3565
5 ) 2
+ (2.022)(0.038,7?
775943
0.3565 + 0.0284 
0.3849
LCLb = 0.3565 - 0.0284 = 0.3281
Determination of 95 Percent Confidence Limits for a
UCL. = a + t S... I I + Xa . 025 ; 38 y/x n n ?
I  (x,- ~ x ) 2 
i = l 1
= 0.0984 + (2 . 022) (0. 0387) ^  J q +
2
57
= 0 . 0 9 8 4  + 0 . 0 1 5 3  = 0 . 1 1 3 7  
LCL = 0 . 0 9 8 4  - 0 . 0 1 5 3  = 0.0831a
It" Test to Test Hypothesis that a is not S i g n i f i c a n t l y  
D i f f e r e n t  from Zero
_________ 0.0984 - 0__________
<°-0 3 8 7 > V  V S * ■(°/.-5199453)2
= 1 2.968 29  > to / 2 ; n . 2 = 2.022
T h e r e f o r e  a i 0, a = 0.0984 
R e g r e s s i o n  Line
y = a + bx = 0.0 98 4 + (0.3565)x
D e t e r m i n a t i o n  of Co nf i de n ce  Interval at Various Points
x' = o b s e r v e d  value 
y' = p r e d i c t e d  value
■ a + bx' ♦ to/2;n_2 S / l  + <*' - *>2
V  , i i (xi ■
t =
a - A
Sy / x  I n + nI (x- - x) 
i = 1 1
S a mp l e C a lc u l a t i o n :  x 1 = 1.00 ppm
y' = 0 . 0 9 8 4  + ( 0 . 3 5 6 5 )  ( 1 .00) + (2 . 0 2 2 ) ( 0 . 0 3 8 7 )
J  1 + (1.00 - 0. 31 9 5 ) 2i  40 + 7. 5943
4549 + 0.0229
x ' V ' U d y LCLy
0.5 0.2767 0.2901 0.26 33
1.0 0.4 549 0 .4778 0. 43 20
1.5 0. 63 32 0.6689 0.5 975
2.0 0. 81 1 4 0.860 7 0.7621
2.35 0 .9 36 2 0.9951 0 .8 77 3
2 .5 0 . 98 97 1.052 8 0 .9 2 66
A P P E N D I X  B
C A L I B R A T I O N  OF VCM D O S I M E T E R  
M O N I T O R I N G  S Y S TE M
60
2 . 0 ppm Vinyl Ch l or i de  S t a n d ar d Gas 
2
x i x i
2.03 4.12
1 .77 3.13
2.21 4.88
2.23 4.97
2.14 4.58
2.23 4.97
VI x i =
= 12.61 x =
x .i 12.61 =  2 . 1 0
26 .65
(NOTE: x i = r e s u l t  of ith s a m p l i n g  re pe t it i on )
S =
26.65 (12.61 )
= 0.1.7
t = 2.57 (from table of S t u d e n t ' s  "t" d i s t ri b ut i on ) 
U p p e r  C o n f i d e n c e  Limit
JS^
/n
U = x + t —  = 2.10 + 2.57 ( ^ f )  = 2.3 ppm0.17
/6
L ower C o n f i d ence L im it  
L = x - t — = 2.10 - 2.57 ( ^ ^ )  = 1.9 ppm
/6
n
61
OSHA A c c u r a c y  R e q u i r e m e n t  
2.0 ppm  + 25% = 2.0 + 0.5 1.5 ppm to 2.5 ppm
0.8 ppm Vinyl C h l o r i d e  S t a n d a r d  Gas
2
x i x i
0.78 0.61
1 .05 1.10
1 .05 1.10
1 .01 1 .02
0.98 0.96
0.74 0.55
0. 94 0.88
(NOTE: x.- ■= result
x*i -
v ^I x i =
= 6 . 5 5  x = 6.55 = 0
6.23
S =
6.23 - (6.55)
= 0.13
t = 2 .4 47  (from table of S t u d e n t' s  "t" d i s t r i b u t i o n )
U p p e r  C o n f i d e n c e  Limit 
U = x + t - L  = 0. 94  + 2.447 (HiJ-i) = 1.06
/n
L o w e r  C o n f i d e n c e  Limit 
L = 0.94 - 0.12 = 0.82
0.13
/7
.94
OSHA A c c u r a c y  R e q u i r e m e n t
0.8 ppm + 35% = 0.8 + 0.28 --- > 0 . 5 2  ppm to 1.08 ppm
0.25 ppm Vinyl C h l o r i d e  S t a nd ar d  Gas
x i x .i
0.29 0.08
I x i
0. 11 0.01 1
0.26 0.07 v 2I x i
0.26 0.07
0.26 0.07
1.18 0.30
: X i = r e s u l t of i
.18 x =
0.30
IXi 1.18 = 0.
S =
30 - (1.18)
4
= 0.07
t = 2.776 (from table of S t u d e n t' s "t" d is t r i b u t i o n )
Upper C o n f i d e n c e  Limit 
S 0.07U = x + t —  = 0.24 + 2.776 ( ^ ^ - )  = 0. 3 3  ppm 
/n
Lower C o n f i d e n c e  Li mi t
L = x - t —  = 0.24 - 0.09 = 0.15 ppm 
OSHA A c c u r a c y  R e q u i r e m e n t
0.25 ppm + 50% = 0.25 + 0.13 ppm — 0.12 to 0.38 ppm
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A P P E N D I X  C
C H R O N O L O G Y  OF S I G N I F I C A N T  EVENTS 
DU RI NG  IN T ER N S H I P
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J a n u a r y  6, 1975* t h r o u g h  A u g u s t  22, 1975
Date Ev ent
J a n u a r y  6 A r r i v a l  in La ke  Ch ar l es .  A s s i g n m e n t  to
V CM Plant.
J a n u a r y  10 - 30  Dut y as b o a r d  o p e r a t o r  in e t h y l e n e  p l an t
co ntrol room.
F e b r u a r y  4 F o r m u l a t i o n  of  C o n o c o  s u p e r v i s o r y  c o m m i t t e e
and o n - s i t e  i n t e r n s h i p  o b j e c t i v e .
F e b r u a r y  19 Oral p r e s e n t a t i o n  to p l a n t  m a n a g e m e n t  on
i n t e r p r e t a t i o n  of s t a t i s t i c a l  c o n f i d e n c e  
l i m i t s  r e q u i r e m e n t s  in O S H A  V C M  .Standard 
(see pag e 40).
D at a  g a t h e r i n g  for f i r s t  p h a s e  of p l a n t  no is e  
s u r v e y  (low p r o d u c t i o n  r a t es ,  l b s / d a y ) .  
P e r i o d i c  r e v i e w  of p r o g r e s s  t o w a r d  i n t e r n ­
s h i p  o b j e c t i v e s  w i t h  s u p e r v i s o r y  c o m m i t t e e .  
Los s co ntr ol s u p e r v i s o r y  d u t i e s  d u r i n g  V CM  
P l a n t  " t u r n a r o u n d "  ( m aj o r p l a n t  m a i n t e n a n c e  
a n d  o v e r h a u l ).
S u b m i s s i o n  of w r i t t e n  p r o p o s a l  f o r  VCM 
m o n i t o r i n g  s t u d y  to s u p e r v i s o r y  c o m m i t t e e .  
Data g a t h e r i n g  for f i r s t  p h a s e  of p l a n t  n o i s e  
s u r v e y  (full p r o d u c t i o n  ra te s,  l b s / d a y ) .  
C a l i b r a t i o n  of VCM d o s i m e t e r  m o n i t o r i n g  
s y s t e m  to e n s u r e  c o m p l i a n c e  w i t h  OS HA  
a c c u r a c y  r e q u i r e m e n t s  (see p a g e  46).
M a r c h  5-15
April 4
Apr il 5-25
A pril 16
M a y  2- 1 6
M a y  5- 20
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May 1 4 
May 29
June 1-30 
J un e  24
Ju ly  7 
J u l y  T4-2T 
Ju ly 29
A u g u s t  5 
A u g u s t  12
P e ri od ic r e v ie w  of pr o gr e ss  tow ar d i n t e r n ­
ship o bj e ct iv e s with s u p e r v i s o r y  committ ee . 
S u b m i s s i o n  of r e po rt  on results of first 
phase of VCM P la nt  noise e x p os u re  study to 
i n t e r n s h i p  s u p e r v i s o r y  c o m m i t t e e  and TAMU 
c o m m i t t e e  chairma n.
Data g a t h e r i n g  for pe rs onnel loca ti on  (Time 
C h a r t - - F i g u r e  4, page 20).
Trip to G e o r g i a - P a c i f i c  Pl a nt  in P l a q u e m i n e ,  
La., to vi ew a u t o m a t e d  VCM m o n i t o r i n g  s y s t e m  
in operation.
P e r i od i c r ev ie w  of p r o g r e s s  toward i n t e r n ­
ship o b j e c t i v e s  w i t h s u p e r v i s o r y  c o mm i tt e e.  
Surveys- of o c c u p a t i o n a l  e x p o s u r e s  to h a z a r ­
dous che mi c al s  in chem ic al  p l an t complex. 
S u b m i s s i o n  of r e po r t on pe rs on nel e x p o s u r e s  
to el em en ta l c h l o r i n e  in the VCM Plant to 
s u p e r v i s o r y  c o m m i t t e e  and TAMU c o m m i t t e e  
chai r m a n .
S u b m i s s i o n  of r e p o r t  on resu l ts  of s e co nd  
phase of VCM Pl an t  n oi se  e x p o s u r e  study to 
s u p e r v i s o r y  c o m m i t t e e  and TAMU c o m m i t t e e  
chairman.
Oral p r e s e n t a t i o n  on haza r ds  of VCM e x p o s u r e  
for r e p r e s e n t a t i v e  fr om  the B u re au  of 
E xp l os i v e s ,  A s s o c i a t i o n  of A m e r i c a n  Railroads.
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A u g u s t  21
A u g u s t  22
S u b m i s s i o n  of final r eport  on results of VCM 
Plant noise su rv ey  to s u p e r v i s o r y  co m m it te e  
and TAMU c o m m i t t e e  chairman.
Oral r e vi e w of. i n t e r n s h i p  for r e p r e s e n t a t i v e s  
f r o m  Co no co and TAMU.
